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ABSTRACT 

Aims. HD 52265 is the only known exoplanet-host star selected as a main target for the seismology programme of the CoRoT 
satellite. As such, it will be observed continuously during five months, which is of particular interest in the framework of planetary 
systems studies. This star was misclassified as a giant in the Bright Star Catalog, while it is more probably on the main-sequence or 
at the beginning of the subgiant branch. We performed an extensive analysis of this star, showing how asteroseismology may lead to 
a precise determination of its external parameters and internal structure. 

Methods. We first reviewed the observational constraints on the metallicity, the gravity and the effective temperature derived from the 
spectroscopic observations of HD 52265. We also derived its luminosity using the Hipparcos parallax. We computed the evolutionary 
tracks for models of various metallicities which cross the relevant observational error boxes in the gravity-effective temperature 
plane. We selected eight different stellar models which satisfy the observational constraints, computed their p-modes frequencies and 
analysed specific seismic tests. 

Results. The possible models for HD 52265, which satisfy the constraints derived from the spectroscopic observations, are different 
in both their external and internal parameters. They lie either on the main sequence or at the beginning of the subgiant branch. The 
differences in the models lead to quite different properties of their oscillation frequencies. We give evidences of an interesting specific 
behaviour of these frequencies in case of helium-rich cores: the "small separations" may become negative and give constraints on 
the size of the core. We expect that the observations of this star by the CoRoT satellite will allow choosing between these possible 
models. 

Key words, exoplanets ; asteroseismology ; stars : abundances 



1. Introduction 

The study of the internal structure of exoplanet-host stars (EHS) 
is a key issue for the understanding of the process of planetary 
systems formation. In this context, asteroseismology technics 
represents an excellent tool to help determining the structural 
differences between stars with and without detected planets. The 
most stricking among these differences is the observed over- 
metalUcity of EHS compared to stars without planets (Santos 
et al. 120031 and l2005l Gonzalez [2003, Fischer & Valenti 2005). 
This overmetallicity may be of primordial origin, which means 
that it was already present in the interstellar cloud out of which 
the stellar system emerged, or related to accretion of hydrogen 
poor material onto the star during the early phases of the plan- 
etary system formation (Bazot & Vauclair 2004). Although the 
first scenario seems more realistic and probable, the second one 
is not yet completely excluded. Note that the stars for which no 
planet have been detected may very well possess planets with 
large orbits, like the Sun. The so-called exoplanets-host stars 
correspond to those for which the giant planets have migrated 
towards the central star during the early phases. One must keep 
in mind that the differences between the two cases (stars ob- 
served with or without planets) are related to the phenomenon of 
planet migration more than that of planet formation, even if both 
effects are connected. 

Besides the question of the origin of the overmetallicity in 
EHS, recent papers (Bazot et al. 120051 Laymand & Vauclair 
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120071) showed how asteroseismology could lead to more precise 
determinations of the outer stellar parameters (log g, log T^,//, 
metallicity) than spectroscopy. Meanwhile, Laymand & Vauclair 
2007 showed the importance of computing very precise models 
of the studied star, taking into account precise metallicity, to in- 
fer mass and age. Determination of these parameters by extrap- 
olation in published grids can lead to wrong values. 

The EHS fi Arae was observed with the HARPS spectrome- 
ter in June 2004 to obtain radial velocity time series. Their anal- 
ysis led to the discovery of up to 43 frequencies which could 
be identified with p-modes of degree (-Q to 3 (Bouchy et al. 
2005 ) and a detailed modelling was given in Bazot et al. 120051 
Two other very promising EHS for such a seismic analysis are 
the solar type stars t Hor (HD 17051, HR 810) and HD 52265. 
The case of t Hor, which has been observed with HARPS in 
November 2006, was discussed by Laymand & Vauclair ( 2007| l. 

HD 52265, mistakenly classified as a GOIII-IV in the Bright 
Star Catalog, was reclassified as a solar type GOV main se- 
quence star by Butler et al. 120001 A Jupiter-mass planet orbiting 
at 0.5 AU with a period of 119 days was discovered indepen- 
dendy by Butler et al. (2000^ and Naef et al. (ISOOTT l. The star 
overmetallicity has been established by a number of subsequent 
analyses like Gonzalez et al. (2001), Santos et al. (|2004| l, Fischer 
& Val enti (|2005] l, Takeda et al. (2005) and Gillon & Magain 
(120061 ) ■ HD 52265 will be one of the main targets of the seis- 
mology programme of the CoRoT space mission (Baglin B003l ), 
which has two main scientific programmes: the asteroseismo- 
logical study of bright variable stars of diff'erent types in the H- 
R diagram and the search for planetary transits. The study of 
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Table 1. Effective temperatures, gravities and metal abundances 
observed for HD 52265. [Fe/H] ratios are given in dex. The refer- 
ences for the given values are: Gonzalez et al. (2001) (GLTROl), 
Santos et al. (2004) (SIM04), Fischer & Valenti (2005) (FV05), 
Takeda et al. (2005) (TOSKS05) and Gillon & Magain (2006) 
(GM06). 



Teff(^) 


logg 


[Fe/H] 


Reference 


6162±22 


4.29±0.04 


0.27+0.02 


GLTROl 


6103±52 


4.28±0.12 


0.23+0.05 


SIM04 


6076±44 


4.26+0.06 


0.19+0.03 


FV05 


6069±15 


4.12+0.03 


0.19+0.03 


TOSKS05 


6179±18 


4.36+0.03 


0.24+0.02 


GM06 



HD 52265 offers a unique opportunity to Unk the two scientific 
programmes of CoRoT (Vauclair et al. '2006V 

For the present paper we computed evolutionary tracks us- 
ing [Fe/H] values as given by the various observing groups and 
selected models lying inside the corresponding error boxes in 
the log g - log Teff plane. We used the TGEC code (Toulouse- 
Geneva Evolutionary Code) as described in previous papers (e.g. 
Bazot & Vauclair 2004 and Bazot et al. 2005). We tested the 
differences obtained in the internal structure of the models for 
the various possible observed metallicities and the overmetal- 
lic versus accretion scenarii. According to the atmospheric pa- 
rameters derived by the different authors cited above, HD 52265 
should have a convective core whose mass largely depends on 
the adopted metallicity. We computed the p-modes oscillation 
frequencies for several characteristic models, using the code 
PULSE (Brassard et al. |1992| l. We discuss asteroseismic tests 
which will help choosing among the possible models. We find 
that, if the star is at the end of the main-sequence or at the be- 
ginning of the subgiant branch, the "small separations" between 
modes £ = and { = 2 become negative at some frequency, and 
we specifically discuss this interesting behaviour 

The computations of evolutionary tracks and various mod- 
elling of this star are described in Sect. 2. Sect. 3 is devoted to 
the discussion of asteroseismic tests and predictions for models 
which lie at the beginning of the main-sequence. In Sect. 4, we 
specially discuss the case of two models with helium rich cores 
and we specially emphasize the question of negative small sepa- 
rations. The summary and conclusion are given in Sect. 5 

2. Evolutionary tracks and models 

2.1. Observational boxes and computations 

Five different groups of observers have determined the metallic- 
ity and the external parameters of HD 52265 (see Table [T]i. This 
star has also been observed with the Hipparcos satellite from 
which the parallax was derived: n = 35.63 + 0.84 mas. The vi- 
sual magnitude of HD 52265 is given as V = 6.301 (SIMBAD 
Astronomical data base). From Table [1] we derive an average 
value for the effective temperature Te/f - 61 15 K with an uncer- 
tainty of order 100 K. Using the tables of Flower (Flower 19961, 
we obtained for the bolometric correction: BC = -0.03 + 0.01. 
With a solar absolute bolometric magnitude of Mhoi.o - 4.75 
(Lejeune et al. |1998l l, and taking into account the uncertainty on 
the parallax, we deduce a luminosity of log L/L© = 0.29 + 0.05. 
In any case, we do not use this luminosity as a basic constraint on 
our models, which are more consistently fitted to the "triplets" 
([Fe/H], log g; log T^jf) given by spectroscopists. 



We computed series of overmetallic and accretion models 
which could account for the observed parameters of HD 52265. 
We used the Toulouse-Geneva stellar evolution code, with the 
OPAL equation of state and opacities (Rogers & Nayfonov 2002] 
Iglesias & Rogers ,1996 ) and the NACRE nuclear reaction rates 
(Angulo et al. |I999l l. In all our models microscopic diffusion was 
included using the Paquette prescription (Paquette et al. 1 1 9861 
Michaud et al. 2004). The treatment of convection was done in 
the framework of the mixing length theory and the mixing length 
parameter was adjusted as in the Sun {a - 1.8). For the over- 
metallic models, we assumed that helium was enriched as well 
as metals according to the law given by Isotov & Thuan (2004]l: 
dY/dZ = 2.8+0.5. The accretion models were computed with the 
same assumptions as in Bazot & Vauclair ( I2004I I (instantaneous 
fall of matter at the beginning of the main sequence and instanta- 
neous mixing inside the convection zone). Neither extra-mixing 
nor overshoot were taken into account in the present paper. 



2.2. Evolutionary tracks for overmetallic models 

We have first computed evolutionary tracks for overmetallic 
models, using the three different values of the metallicity as 
given by the groups of observers: [Fe/H] - 0.19 (TOSKS05 and 
FV05), 0.23 (SIM04 and GM06) and 0.27 (GLTROl). The re- 
sults obtained in the log g - log 7^// diagram are displayed in 
Fig. [T] (upper and middle panels). Each graph corresponds to 
one value of the metallicity. The five observational error boxes 
are shown in each graph but those which correspond to the same 
metallicity as the models are drawn in thicker lines. The only 
acceptable models computed with a given metallicity are those 
which cross the error boxes corresponding to the same metal- 
licity as derived by the observers. Two different graphs are pre- 
sented for the [Fe/H] =0.19 case, because the TOSKS05 box 
can be crossed in two different ways. On the graph presented on 
the upper left, the evolutionary tracks cross this box at the end 
of the main sequence, while on the graph presented on the up- 
per right, this happens at the beginning of the subgiant phase. 
Of course the masses involved are quite different as well as the 
internal structure of the stars, as will be seen below. 



2.3. Evolutionary tracks for accretion models 

The lower panels of Fig. [T] shows the evolutionary tracks of 
models with accretion for two metallicities : [Fe/H] = 0.23 and 
[Fe/H] = 0.27. We observe that, for the same value of [Fe/H], the 
accretion models which cross the error boxes are more massive 
and younger than the overmetallic ones. We also note that for all 
the considered cases, except the special one for which the star 
should be a subgiant, the range of stellar masses is from 1 . 1 8Mq 
to 1.25M0 so that all the models (overmetallic and accretion) 
develop convective cores during evolution. 



3. Models and seismic tests 

We have computed a large number of models along the evolu- 
tionary tracks with the constraints of having consistent metallic- 
ities, effective temperatures and gravities as given by each group 
of observers. We choose eight of these models for further aster- 
oseismic studies. 
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Fig. 1. This figure shows the constraints on the position of the star HD 52265 in the log g - log T^ff diagram for the three different 
metallicities derived from spectroscopic observations. The five error boxes shown are from: Gillon & Magain (black triangles), 
Fischer & Valenti (white triangles), Santos et al. (diamonds), Gonzalez et al. (asterisks), Takeda et al. (crosses). For each selected 
metallicity, the corresponding authors box is drawn in thick lines. The figures of the upper and middle panels, for [Fe/H]=0.19, 0.23 
and 0.27 show the evolutionary tracks for overmetallic models, while the lower figures for [Fe/H]=0.23 and 0.27 are for models 
with accretion. In the upper-left figure, the evolutionary tracks are for 1.28 M0(thick line), 1.30 M0(dotted line), 1.31 M0(dashed 
line) and 1.32 M0(dotted-dashed line) respectively; in the upper-right figure the evolutionary tracks are in the same order for 1.18, 
1.19, 1.20 and 1.22 M0; in the middle-left figure the evolutionary tracks are in the same order for 1.19, 1.20, 1.21 and 1.22 M0; in 
the middle-right figure they are in the same order for 1.18, 1.20, 1.22 and 1.24 M0; in the lower-left figure, the tracks are for 1.20, 
1.22, 1.24 and 1.25 M0; and in the lower-right figure, they are in the same order for 1.20, 1.22, 1.23 and 1.25 M0. 



3.1. Choice of models 

The characteristics of the models chosen for asteroseismic stud- 
ies are displayed in Table|2]and Table|3] The overmetallic models 
labelled 1 to 4 (OM) correspond to main-sequence stars. Their 
seismic analysis is given in Sect. 3.2. Models computed with 
the accretion hypothesis, labelled 5 and 6 (AC) are discussed 
in Sect. 3.3. The evolutionary tracks which cross the error box 



of Takeda et al. (I2005I I lead to quite different models, either at 
the end of the main-sequence or at the beginning of the subgiant 
branch. We choose to discuss two of them, labelled 7 and 8 (OM) 
in a special section (Sect 4). These models, which have large lu- 
minosities compared to those derived from the Hipparcos paral- 
lax, present specially interesting characteristics: in both cases the 
small separations become negative at some particular frequency. 
Note that in model 8 (OM) the convective core has disappeared 
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Fig. 2. Large separations for the overmetallic models 1 to 4 and the accretion models 5 and 6. The horizontal dotted-dashed line 
correspond to the value of the mean large separation. 



while it did develop along the evolutionary track. For this rea- 
son, model 8 (OM) possesses a radiative helium core with a 
sharp boundary, while model 7 still has a convective core. These 
interesting models and the underlying physics are discussed in 
Sect. 4. 



modulo the large separation are plotted in abscissae, are given in 
Fig. |3] They present characteristic differences large enough to 
be detectable with the CoRoT satellite, which should reach a 
frequency resolution of the order of 0. 1 fjHz for the long obser- 
vational runs of 150 days. 



3.2. Seismic analysis of models 1 to 4: large separations, 
small separations and echelle diagrams 

Adiabatic oscillation frequencies were computed for the mod- 
els chosen in Sect. 2 using the Brassard et al. ( 119921 ) code, as 
in Bazot & Vauclair (|2004Jl. The frequencies were computed for 
angular degrees ^ = to ^ = 3 and radial orders ranging typi- 
cally from 4 to 100. The corresponding echelle diagrams, where 
the frequencies are plotted in ordinates and the same frequencies 



We also computed the small separations, 6v - v„j - v„_i./+2, 
which are very sensitive to the deep stellar interior (Tassoul 
;T9801 Roxburgh & Vorontsov'T994 Gough 1986 ). They are pre- 
sented in Fig.|4] We come back in more detail on the subject of 
small separations in Sect. 4, as they present a special behaviour 
in models 7 and 8. 
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Fig. 3. Echelle diagrams for the overmetallic models 1 to 4 and the accretion models 5 and 6. Diamonds correspond to ^ = 0, 
triangles to ^ = 1, crosses to ^ = 2 and asterisks to ^ = 3. 

Table 2. External parameters of eight stellar models which could account for HD 52265 within the present spectroscopic constraints: 
mass, age, surface gravity, effective temperature, luminosity, surface metalUcity, the average large separations computed for these 
models are given in column 8. 



Model 


M, (Mo) 


Age (Gyr) 


log 4' 


log T,ff (K) 


log L/Lo 


[Fe/H] 


Av (pHz) 


1 (OM) 


1.21 


1.275 


4.360 


3.7915 


0.268 


0.23 


115 


2(0M) 


1.18 


3.427 


4.293 


3.7839 


0.318 


0.19 


100 


3(0M) 


1.19 


2.530 


4.320 


3.7867 


0.288 


0.23 


107 


4(OM) 


1.22 


1.544 


4.300 


3.7910 


0.291 


0.27 


111 


5 (AC) 


1.22 


0.390 


4.300 


3.7892 


0.290 


0.23 


110 


6 (AC) 


1.23 


0.603 


4.320 


3.7892 


0.319 


0.27 


108 


7 (OM) 


1.31 


3.219 


4.125 


3.7825 


0.519 


0.19 


75 


8(OM) 


1.20 


4.647 


4.125 


3.7831 


0.491 


0.19 


77 
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Fig. 4. Small separations for the overmetallic models 1 to 4 and the accretion models 5 and 6. Solid lines are for the differences 
^ = minus € = 2 and dashed hnes for the differences € = I minus ( = 3. 

Table 3. Internal parameters for the same models as given in Table 2: radius, fractional radius and mass of the convective core, 
fractional radius of the outer convective zone, initial helium and metal mass fraction, present surface helium and metal mass fraction, 
and present central helium mass fraction; for model 8, which has no more convective core, colunms 3 and 4 present the radius and 
mass fractions of the heUum core. 



Model 


R* (cm) 




M^r/M. 




Yo 


Zo 


Y, 


z,, 


Y, 


1 (OM) 


8.266el0 


0.0501 


0.0121 


0.798 


0.2930 


0.0282 


0.270 


0.0269 


0.46 


2(OM) 


9.014el0 


0.0559 


0.0032 


0.762 


0.2879 


0.0260 


0.2408 


0.0236 


0.728 


3(0M) 


8.643el0 


0.0515 


0.019 


0.776 


0.2930 


0.0282 


0.2545 


0.0261 


0.624 


4(0M) 


S.SlOelO 


0.0573 


0.020 


0.793 


0.2984 


0.0306 


0.2695 


0.0288 


0.501 


5 (AC) 


8.570elO 


0.0433 


0.0077 


0.82 


0.2714 


0.0189 


0.2536 


0.0808 


0.3244 


6 (AC) 


8.864el0 


0.0412 


0.0086 


0.83 


0.2714 


0.0189 


0.2343 


0.1094 


0.3581 


7(OM) 


U.SlelO 


0.0610 


0.090 


0.767 


0.2879 


0.0260 


0.2397 


0.0238 


0.876 


8(0M) 


ll.llelO 


(0.0612) 


(0.1077) 


0.764 


0.2879 


0.0260 


0.2405 


0.0238 


0.971 
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Fig. 5. Large separations, echelle diagrams, and small separations for the overmetallic models 7 and 8. We note that, in the echelle 
diagrams, the { = and { - 2 lines cross at frequencies of 2.3 mHz (model 7) and 3.15 mHz (model 8) while the { - I and f - 3 
lines becomes very close for large frequencies. This is due to their heUum-rich cores (see text). 



3.3. Seismic analysis of tine accretion modeis 5 and 6 

Two models have been computed with the assumption that the 
observed overmetallicity was due to accretion of hydrogen poor 
matter onto the star during the early phases of planetary forma- 
tion. Both models have a solar metallicity in their interiors while 
model 5 (AC) has [Fe/H] = 0.23 and model 6 (AC) [Fe/H] = 
0.27 in their outer layers. The external and internal parameters 
of these models are given in Tables |2] and [3] Both models have 
a convective core which is smaller than the ones obtained for 
the overmetallic models with the same atmospheric metallicity 
(models 3 and 4). 

The large separations, echelle diagrams and small separa- 
tions for these models are given in Fig.|2]|3]and|4](lower panels). 
Although these models show no qualitative differences with the 



overmetallic models, due to the fact that they all have convective 
cores, they do present visible quantitative differences, which are 
due to the different sizes of their convective cores. The situation 
here is not the same as for stars with smaller masses, for which 
the accretion models, which have no convective cores, follow 
evolutionary tracks very different from those of the overmetallic 
models (see Bazot & Vauclair 2004). We expect however that 
the quantitative differences between these models should be de- 
tectable at the precision of the CoRoT observations. 
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Fig. 6. Upper panels: sound speed profiles for the overmetallic models 7 and 8. The sound velocities present a sharp variation at 
the boundary of the helium-rich core, which is convective in model 7 but radiative in model 8. Lower panels: turning point r, of 
the { - 2 waves, computed as a function of the frequency of the waves (solid lines). The dashed lines represent the radius of the 
helium-rich core. We see that the turning point reaches the core boundary at the same frequency as that of the crossing point in the 
echelle diagrams. 



4. The special cases of models 7 and 8 : negative 
small separations 

Models 7 and 8 correspond to the Takeda et al. ( I2005I I error 
boxes in the log g-\og Tejj diagram (Fig. [1] upper panels, left 
for model 7, right for model 8). Model 7 is at the end of the 
main-sequence, model 8 at the beginning of the subgiant branch. 

4.1. Seismic analysis of models 7 and 8 

These models present very interesting features, clearly visible in 
Fig-E]: the £ - Q and ( = 2 lines cross at frequencies of 2.3 mHz 
for model 7 and 3.15 mHz for model 8. Meanwhile the ( = I and 
{ = 3 lines become very close at large frequencies. In the lower 
panel, we may check that the small separations between ^ = 
and { - 2 become negative at the crossing frequencies. 

These characteristic features are related to the rapid varia- 
tions of the sound velocity near the helium-rich cores (Fig. |6] 
upper panels). In model 7, the core is convective, with a high 
helium abundance Y - 0.876. In model 8, which corresponds to 
the beginning of the subgiant branch, the central convection has 
disappeared but a sharp edged helium core remains. 

While the { = modes propagate inside the whole star, from 
the surface down to the centre, the { - 2 modes turn back at a 
layer whose radius (turning point) is given by : 

Si(rr) - a> - 2nv (1) 



where v is the frequency of the considered mode and Si{r) the 
Lamb frequency, given by : 

SAr) = ^ ^1(1 + 1) (2) 
r 

We have computed the turning points r,(v) for the £ - 2 
modes in models 7 and 8, that is the radii for which: 

c\r,) = — (3) 

The results are given in Fig.|6](lower panels). For both mod- 
els, the turning points of the t - 2 waves reach the edge of the 
core at the exact frequency for which the ^ = and 1-2 lines 
cross in the echelle diagrams. 

4.2. Negative small separations : discussion 

For the present study, the p-mode frequencies have been com- 
puted in an exact way, using the code PULSE (Brassard et al. 
1992). The fact that the computed small separations change sign 
for models with helium cores is an important result. Negative 
small separations are at first sight in contradiction with the so- 
called "asymptotic theory" developed by Tassoul ( 19801 ). We 
show below that this behaviour may be understood if we relax 
one of the Tassoul's assumptions, namely if we take into account 
the fact that the { - 2 waves do not travel down to the centre of 
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Fig. 7. Upper panels: variations of the product 7 37 in the central regions of the stars. Lower panels: integral /(r) = J^* j^^'' 



the star, below their turning point. In the usual asymptotic theory, 
the small separations may be written : 



6v. 



v„j ■ 



Vn-\,l+1 



-(4/ + 6) 



Av 1 dc^^ 

4-7t\,j Jo r dr 



(4) 



which is always positive. 

However, this expression is obtained with the assumption 
that the integrations may be performed between r - Q and r - R 
for small values of { as well as for £-Q, while they should be 
computed between r, and R, where r, is the internal turning point 
of the waves. 

In case of helium rich cores, the sound velocity gradient 
which enters the integral in equation (HJl strongly varies near the 
centre, as shown on Fig.|7j upper panels. As a consequence, the 
integral /(r), defined as : 



/(r) 



C-—dr 

Jr, r dr 



(5) 



changes drastically, so that I{r) is very different from 7(0) for 
small values of r (Fig.|7] lower panels). 

To understand how the small separations may become nega- 
tive, let us go back to the approximate computations of the fre- 
quencies proposed by Tassoul d 19801 1. in which we reintroduce 
integrals between r, and R instead of zero and R. The approxi- 
mate expression for v„ ; may be written: 



/ 1 /(/+l)Av, 

Vnj - (n+-+-+a)Avi — 

2 4 47r^v„j 



c(R) r* 1 dc^^ 



Av? 



Vn i, Av; is the large separation, generally approximated as Avq = 
2^ where tg is the acoustic radius of the star; a corresponds to 
a surface phase shift and 5 is a function of the parameters of the 
equilibrium model. For the following discussion, we keep Av/ 
in the equations as a working hypothesis instead of Avo, which 
means that we allow Av/ to be different for different t values. 

Under these assumptions, neglecting the ratio ^ in front of 
the integral and the (J-term, the small separations between I - Q 
and 1-2 may be written : 



1 3Av2 
5vo2 ^(n + -+ Qf)(Av() - Av2) - — ^ /(r,) 

4 LTI Vn.l 



(7) 



For model 8, /(r,) changes sign when r, reaches the edge of 
the helium core (Fig.|2l lower panel, right). In this case, the rea- 
son why 6vo2 changes sign is evident. For model 7 (left), the 
integral becomes close to zero without changing sign. However, 
a close look at the large separations (Fig. |5] upper left) shows 
that, in the considered range of frequencies, Av2 is systemati- 
cally larger than Avq by about 0.2 - 0.3 yuHz, which represents 
a signature of the fact that the propagation times for the £ - 2 
waves is smaller than that of the ( - Q waves. This behaviour is 
logically related to the drop of the sound velocity in the helium 
core. With characteristic values of n of order 30, a rapid com- 
putation shows that such a difference in the large separations is 
enough to induce a change of sign for 6vq2 when the turning 



-5 (6)point of the waves reaches the edge of the helium core. 



which is the usual Tassoul's expression where the lower limit for 
the integral r/ is the turning point for the t mode with frequency 



This is an important result which will be discussed in more 
details for the general case of solar-type stars in a forthcoming 
paper 
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5. Summary 

The exoplanet-host star HD 52265 is one of the main targets 
of the CoRoT satellite and, as such, will be observed as a "long 
run" during five consecutive months. This solar-type star has one 
known planet, a "hot Jupiter" orbiting at 0.5 AU with a period of 
1 19 days. As most exoplanet-host stars, its measured metallicity 
is larger than that of the Sun. From various observing groups, the 
determined values range between [Fe/H] = 0.19 to 0.27. Each 
of these metallicities is given with consistent spectroscopically- 
obtained values of gravity and effective temperature. 

We performed an extensive analysis of this star in the same 
way as we did for the exoplanet-host star l Hor (Laymand & 
VauclairTOO? ). We first presented a review of the spectroscopic 
observations: five groups of observers gave diff'erent sets of val- 
ues for its metallicity, gravity and effective temperature. We then 
computed eight realistic models of HD 52265, each of them 
consistent with at least one of these sets of observed parame- 
ters. They present oscillation frequencies and seismic signatures 
(large and small separations, echelle diagrams), with differences 
much larger than the precision expected with CoRoT. The dif- 
ferences in the large separations among our models vary from 4 
to 25 yuHz. For the small separations, they vary from 1 to 4 yuHz. 
Since the 150 days long runs of CoRoT will provide frequencies 
with an uncertainty of the order of 0. 1 yuHz, it should be possible 
to determine unambiguously which of all the potential models 
gives the best fit of the observations. 

The computed models which correspond to the Takeda et al. 
(120051 1 atmospheric parameters, present a special behaviour. Two 
kinds of evolutionary tracks can cross the error box. For one of 
them, the star is at the end of the main sequence (model 7) and it 
has a helium-rich convective core. For the second case, the star 
is at the beginning of the subgiant branch: the convective core 
has disappeared but a helium core remains, with a sharp bound- 
ary. For both models, the small separations become negative at 
a particular frequency related to the penetration of the acoustic 
waves inside the core. We have given a preliminary discussion of 
this important behaviour, which will be discussed in more detail 
for the general case of solar type stars in a forthcoming paper. 

The detailed modelling of HD 52265 shows that seismic tests 
are more powerful than classical spectroscopy for determining 
the external stellar parameters. It also leads to more precise val- 
ues of the mass and age of the star, and gives constraints on its 
internal structure. With asteroseismology, we are entering a new 
era for the study of the structure and evolution of solar- type stars. 
Observing and studying the oscillations of exoplanet-host stars 
compared to those of stars without detected planets is extremely 
interesting in view of determining their differences in internal 
structure and chemical composition. This subject is closely re- 
lated to the studies of planetary formation and evolution, and to 
the process of planet migration towards the central star. 
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